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Abstract

Background: The permanent dominance of Planktothrix-like сyanobacteria has been often reported for shallow
eutrophic\hypertrophic lakes in central Europe in summer\autumn. However studies on phytoplankton growth
under ice cover in nutrient-rich lakes are very scarce. Lake Nero provides a good example of the contrasting
seasonal extremes in environmental conditions. Moreover, the ecosystem underwent a catastrophic transition from
eutrophic to hypertrophic 2003–05, with dominance of filamentous cyanobacteria in summer\autumn. Towards the
end of the period of ice cover, there is an almost complete lack of light and oxygen but abundance in nutrients,
especially ammonium nitrogen, soluble reactive phosphorus and total phosphorus in lake Nero. The aim of the
present study was to describe species composition and abundance of the phytoplankton, in relation to the abiotic
properties of the habitat to the end of winters 1999–2010. We were interested if Planktothrix-like сyanobacteria kept
their dominant role under the ice conditions or only survived, and how did the under-ice phytoplankton
community differ from year to year.

Results: Samples collected contained 172 algal taxa of sub-generic rank. Abundance of phytoplankton varied
widely from very low to the bloom level. Cyanobacteria (Limnothrix, Pseudanabaena, Planktothrix) were present in all
winter samples but did not always dominate. Favourable conditions included low winter temperature, thicker ice,
almost complete lack of oxygen and high ammonium concentration. Flagellates belonging to Euglenophyta and
Cryptophyta dominated in warmer winters, when phosphorus concentrations increased.

Conclusion: A full picture of algal succession in the lake may be obtained only if systematic winter observations
are taken into account. Nearly anoxic conditions, severe light deficiency and high concentration of biogenic
elements present a highly selective environment for phytoplankton. Hypertrophic water bodies of moderate zone
covered by ice in winter and dominated by Planktothrix - like сyanobacteria in summer/autumn may follow several
scenarios in the end of winter. It may be intense proliferation сyanobacteria normally dominating in summer, or the
switch to the other species like the euglenoids and cryptomonads flagellates, or almost total depletion of
phytoplankton.
Background
In temperate lakes, conditions for the development of
phytoplankton in winter differ greatly from those in sum-
mer. Conventional models of phytoplankton seasonal suc-
cession assume a minimum of phytoplankton biomass
under ice, due to a combination of unfavorable factors, es-
pecially low temperature, short days and poor light pene-
tration - unless the ice is almost transparent. These winter
survivors give rise to a new algal community providing the
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earlier start advantage to the aboriginal species and
thereby influencing summer species composition. The de-
gree of under-ice depletion of algal community remains
understudied, although some studies of shallow eutrophic
lakes in the more temperate climatic zones of Europe and
America, emphasized the importance of contrasting con-
ditions under the ice and of the open-water periods for
annual algal succession [1-10].
Nevertheless, a few early studies noted mass develop-

ment of phytoplankton under clear ice. Thus, Yasnitsky’s
[11] study in Lake Baikal during 1926–1928 was among
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the first that reported the development of winter algal
blooms. He noted that in ‘Melosira years’ [11,12] favorable
light conditions under clear spring skies promoted phyto-
plankton growth below the transparent, firm, snow-free
ice. Since that time, proliferation of phytoplankton to
bloom levels at the end of the ice-covered period has been
repeatedly reported from other lakes [13-19].
This points at the possibility of special importance of

the under-ice period in maintaining of a lake’s ecological
situation as a whole. Lake Nero (latitude, 57°06’ to 57
°12’ N; longitude, 39 °21’ to 39° 30’ E) provides a good
example of the contrasting seasonal extremes, allowing a
detailed study of the link between summer algal commu-
nities and the under-ice biota. The lake has been in-
tensely studied during the past few decades [20-22].
Lake Nero is a shallow, polymictic, slightly alkaline
hypertrophic lake with low transparency and high TN/
TP ratio, dominated typically by solitary, filamentous
Cyanobacteria, from the beginning of summer to late au-
tumn [20,22]. Following the classical phytosociological
nomenclature, Reynolds et al. [23] term the preponder-
ance of this group of filamentous Oscillatoriales as
Planktotrichetum - S1 codon. Species that make up this
assemblage (Planktothrix agardhii Gom, Limnothrix
redekei (Van Goor) Meffert, Pseudanabaena limnetica
(Lemm.) Kom.), share the trait of dispersion in the plank-
ton as solitary filaments, have superior light interception
properties, and a propensity to extreme photoadaptation
in turbid, oligophotic conditions. These species maintain a
near steady-state within the phytoplankton community of
eutrophic/hypertrophic lakes [24]. A sudden shift to an
overwhelming dominance of these S1 codon organisms
occurred during 2003–2005 in summer/autumn in the
lake [20,22]. Here we use the long-term observations of
the algal community of Lake Nero to describe the patterns
of species composition through which the lake’s ecosystem
passes at the end of winter paying special attention to the
winter fate of the Planktotrichetum codon dominating in
summer.

Results
Abiotic factors
Lake Nero is covered by ice from November-December
to April-May. Thus, the period of ice cover may last for
148–211 days. Annual mean temperature in the Yaro-
slavl Province grew approximately by 1.2°C during last
50 years. Simultaneously winter temperature increased
by 1.7°C. Precipitation increased too. All these changes
Table 1 Abiotic variables in the end of winter

NH4
+ - N, mg L-1 NO3

—- - N, mg L-1 PO4
3—P, mg L-1 TP, m

1.36 ± 0.82 0.34 ± 0.25 0.04 ± 0.02 0.07

0.31 – 2.9 0 – 0.8 0.01 – 0.1 0.02

Over the line the average value with standard error, under the line minimum and m
caused steady water level increase of the Lake Nero ob-
served since 1976. The lake's surface clears from ice now
by five days earlier than half a century ago. The dates of
freezing did not change [25]. There is a considerable
year-to-year variability in ice thickness. The maximum
recorded value was 70 cm near Rostov town (Table 1).
The structure of the ice cover is typically sponge-like
and its transparency is further reduced by a 25–30 cm
thick snow layer. The near-bottom temperature is
3.5-4.4 due to high thermo-capacity and intensive reduc-
tion processes in sapropel [26]. Total dissolved salts were
usually twice as high as in summer due to freezing out
(Table 1).
Oxygen is rapidly consumed under the ice so that, be-

fore the ice finally melts in spring, only trace concentra-
tions of O2 remain and the water smells of sulphide. In
approximately half of all the samples collected from
under the ice, oxygen was not detected at all. In 2003
and 2005, mass fishkill occurred. In the milder winters,
openings in the ice cover often appeared. Detectable
amounts of methane and CO2 are vented through these
openings. They may also increase slightly the input of
oxygen into the water. In 2008, a large (ca 20 m wide),
stable opening developed as a consequence of industrial
activity on the shore. Yet, in samples collected only 10
m from the opening, oxygen concentration remained
low (1.6 mg L-1).
The under-ice concentrations of other biogenic ele-

ments are generally at their highest annual levels at this
time [20,25]. Non-parametric correlation analysis of
abiotic and biotic parameters revealed a number of sig-
nificant relationships: ammonium concentrations are
inversely correlated to those of nitrate and of oxygen
(Table 2). In the absence of oxygen, the concentration
of ammonium is extremely high (Figure 1); Spearman
correlation between these parameters was - 0.85. Oxy-
gen content was positively correlated with the water
level the previous week and negatively correlated with
ice thickness.
Taxonomic composition of the under-ice phytoplankton
Over the full period of our studies, 172 algal taxa of
sub-generic rank were encountered in samples col-
lected from under ice in Lake Nero (Additional file 1).
The groups were Chlorophyta: 44 taxa, Euglenophyta –
35, Bacillariophyta – 31, Cyanophyta – 27, Chrysophyta –
14, Cryptophyta – 11, Dinophyta – 9 and Xantophyta – 1.
g L-1 O2, mg L-1 TDS, mg L-1 T, °C Ice, cm

± 0.03 1.43 ± 1.85 420 ± 100 1.75 ± 0.9 51.5 ± 14.8

– 0.1 0.0 – 5.3 280 – 540 0.5 – 3.2 25 – 70

aximum values, n = 32.



Table 2 Coefficients of nonparametric Spearman correlation

NO3
-- N P total Ice O2 Water level В Cyan.% B Flag.% Chl - a B total

NH4
+-N −0.8* 0.1 0.5* −0.9* −0.4* −0.1 −0.0 0.1 −0.1

NO3
--N 0.1 −0.4* 0.6* 0.4 −0.1 0.1 −0.2 −0.1

P total −0.3 −0.1 −0.4* −0.8* 0.7* 0.0 −0.1

Ice −0.7* 0.0 0.4 −0.4 −0.0 −0.3

O2 0.6* 0.1 −0.0 0.1 0.2

Waterlevel 0.5* −0.5* 0.1 −0.1

В Cyan.% −0.8* 0.1 0.1

B Flag.% 0.0 0.1

Chl – a 0.7*

Asterisk (*) denotes a significant differences at р<0.05. NH4+−N – ammonium nitrogen; NO3
— -N – nitrate nitrogen; P total – Total phosphorus; Ice – the thick of

the ice; O2 – oxygen concentrations; Water level – the level of the water; B Cyan.% - the percent Cyanophyta from total biomass; B Flag.% - the percent
Euglenophyta and Cryptophyta flagellates from total biomass; Chl – a – chlorophill a concentrations, B total – Total Biomass.
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Figure 1 Correlation between ammonium and oxygen
concentration in the water under ice.
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The number of species occurring simultaneously in our
counts varied from 11 to 55.
The composition of the phytoplankton community under

ice generally involved species that are present as vegetative
stocks through most of the year. Limnothrix redekei,
Pseudanabaena limnetica, Planktolyngbya limnetica may
proliferate to dominant proportions in summer as well as
in winter. On the other hand, such summer dominants as
Microcystis aeruginosa (Kütz.) Kütz., Aphanizomenon gra-
cile (Lemm.) Lemm., Scenedesmus communis Hegewald,
fall to low levels in the winter. The only species that
was found in all winter samples was Limnothrix redekei.
Pseudanabaena limnetica was present in about 80% of
samples. The frequencies of Planktothrix agardhii,
Euglena acus Ehr., Cryptomonas ovata Ehr. and
Aulacoseira ambigua (Grun.) Sim. were each about
70%. Other species were found in less than half of the
samples. The species found only in winter samples
were: the cyanophyte Pseudanabaena acicularis (Nyg.),
the dinophyte Woloszynskia tenuissima (Lauterb.) Thomp,
the chlorophyte Chlorogonium maximum Skuja, the
cryptophyte Сhroomonas minima Czosnow and the
euglenophyte E. acus var. minor Hansg.
From eco-geographical point of view the under-ice

phytoplankton of Lake Nero is a cosmopolitan one with
some prevalence of planktonic species indifferent to
salinity; there is a significant presence of oligo-β and
β-mesosaprobic forms.
The Sorensen coefficient of compositional similarity

between winter algal communities in different years var-
ied from 9.2 to 33.3, indicating significant changes of
species compositions in winter.

Abundance of the phytoplankton
The total abundance of phytoplankton under the ice and
the Shannon index of diversity, as calculated from the
biomass values, varied through the winter (Table. 3).
Most frequently, the cell concentration and biomass
remained relatively low, not higher then 4 million cells L-1

or 3 mg L-1 (Figures 2 and 3). The maximum biomass was
obtained in 2008 at the point N 8 (36.6 mg L-1). In most
cases the biomass was higher near to the bottom. Average
cell volume varied according to the species composition.
There were no significant dependencies between total
phytoplankton biomass under the ice and in May as well
in September. The same holds if only S1 codon biomass is
taken into account.
The concentrations of chlorophyll a under ice varied

together with the biomass (Figure 3A). The maximal
value (63.5 μg L-1) was found in March 2008 at the sam-
pling point N 8. Much more commonly, values fell be-
tween 1 and 3 μg L-1, coinciding with low abundance of
phytoplankton in winter. The high concentration of the
phaeopigments was a typical feature of phytoplankton
collected under the ice, accounting for 40 – 75% of the
measured total Chl а. This probably reflects a high pro-
portion of moribund or dead cells.



Table 3 Biotic parameters

Chlorophyll a, μg L-1 Total phytoplankton Biomass,
mg L-1

Total phytoplankton Number,
106 cells L-1

Cell Volume,
micrometr3

Shannon index,
bits information/biomass

10.14 ±14.87 3.65 ± 8.3 31.14 ± 50.52 259 ± 315 2.21 ± 0.86

1.26 – 3.5 0.035 – 36.6 0.0003 – 154.8 20 – 1062 0.5 – 4.0

Top line the average value with standard error, bottom line minimum and maximum values, n = 32.
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Figure 2 The average total phytoplankton Number with
standard deviation.
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Cyanophyta and the flagellates (Euglenophyta and
Cryptophyta) were found to be the main components of
the under-ice community. Diatoms, Dinophyta or green
algae dominated or subdominated the communities only
rarely (Figure 3B). The levels of Сyanophyta biomass
varied between 0.005 and 3.5 mg L-1. As a rule
Limnothrix redekei was dominant in the samples of
high cyanophyta biomass. Pseudanabaena limnetica,
Pseudanabaena acicularis, Planktolyngbya limnetica
were less often abundant in these samples. Usually, the
Planktotrichetum organisms were evenly distributed
across the water column (Figure 4).
Euglenophyta were less abundant than Cyanophyta. Its

biomass varied at 0.002 - 0.5 mg L-1, with the exception
of March 2008 when their absolute biomass was be-
tween 3.6 - 21.3 mg L-1 with Euglena limnophila var.
swirenkoi domination. The vertical distribution of eugle-
noids varied from year to year: for example, in 1999, the
maximum recorded proportion of near-bottom biomass
was 91.6%; in 2004, their abundance in the upper layer
was 5 times higher than near the bottom.
The next most common algal group was Cryptophyta.

Typical biomasses were between 0.001 - 0.86 mg L-1. In
March 2008, together with the Euglenophyta, the prolif-
eration of this group was exceptionally high under the ice:
from 8.6 to 13.4 mg L-1, with dominant Cryptomonas
rostrata Troitzkaja emend. I. Kis. Their vertical distribu-
tion peaked in the near-bottom area (Figure 4).
Diatoms biomass of phytoplankton varied between

0.001 - 1.89 mg L-1. The major diatom, especially prom-
inent in the near-bottom area, was the eurythermal
species Aulacoseira ambigua, Stephanodiscus sp. and
Fragilaria construens var. subsalina Hust. Generally, the
species composition of the diatoms sampled from under
the ice was similar to those composing the annual spring
blooms. Their contribution to the near-bottom biomass
was especially high (Figure 4).
Dinophyta were subdominant only in 2002 and 2007

(Figure 3B). Their biomass varied between 0.01 to 0.57
mg L-1. The most common species were Peridinium
aciculiferum Lemm. and Peridinium umbonatum Stein
with variations (Additional file 1). The dinophytes were
infrequent in near-bottom area (Figure 4).
Green algae were present in trace amounts in all

under the ice samples. Biomass of Chlorophyta rarely
exceeded 0.02 - 0.5 mg L-1. The most common of these
algae belonged to genera Monoraphidium, Scenedesmus,
Pediastrum,Chlamydomonas and Chlorogonium (Additional
file 1). The green algae were dominant in near-surface
samples only in 2004, with domination of Schroederia
setigera (Shroed.) Lemm., Chlamydomonas sp. and
Pteromonas variabilis Hub. – Pest. Green algae mostly
occurred close to the surface (Figure 4).
Chrysophyta comprise small part of total biomass.

Chrysococcus biporus Skuja, Chrysococcus punctiformis
Pascher, Kephyrion rubri–claustri Conrad, Synura sp.,
Dinobryon sр. were found to be the most common
species.
Coming back to the analysis of non-parameteric corre-

lations (Table 2), we may note the significant relation-
ships between many biotic parameters. Concentrations
of total and soluble reactive phosphorus negatively cor-
related with the relative abundance of Cyanophyta and
positively correlated with the relative abundance of the
flagellates. The lake’s water level positively but weakly
impacted the relative concentration of Cyanophyta and
weakly negatively influenced the relative abundance of
flagellates. Relative abundance of Cyanophyta strong
negative correlated with relative abundance of flagellates
(Table 2).
The principal-components analyses (PCA) of biotic

parameters (relative abundances of Cyanophyta and the
Euglenophyta and Cryptophyta flagellates, total num-
ber, biomass and concentration of chlorophyll) and abi-
otic parameters (N-NH4, N-NO3, P-PO4, P total, O2,
Ice, Depth) revealed clearly defined groups of samples
(Figure 5A). The first and second principal components
accounted for 89.5% of total variability. The first com-
ponent strongly correlated the relative abundances of
Cyanophyta, Ice, and Depth and negatively correlated
the relative abundances of the flagellates, total biomass,
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concentration of chlorophyll as well as on the phos-
phate phosphorus. The samples 2, 16 and 17 comprise
a separate cluster according to the first variable. They
are distinguished by high total biomass and percent of
flagellates exceeding 95% (Figure 5B). The second com-
ponent negatively correlated to the total number and
concentration of chlorophyll and slightly positively
depended on nitrate nitrogen and total phosphorus.
Concentrations of ammonium and oxygen did not
introduce much variation into the first two principal
components. The samples 4, 5, 6, 18 and 19, at the
lower right corner of the diagram, showed average
values of the biomass and percentages of Cyanophyta
presence greater than 65%. The compact cloud of ob-
servations includes those with low winter biomass
values. The dominance of flagellates is depended on the
phosphate concentration and Cyanophyta dominate at
a higher water level and under thicker ice cover.

Discussion
Winter is generally considered to be an unfavorable
period for phytoplankton growth in boreal, high-latitude
regions [3,7,19]. This is often attributed to severe abiotic
conditions associated with extended ice cover [15,27,28].
Underwater light conditions in our investigation were
not quantified. The observations of Wright [15] suggest
that in case of 40 cm thick ice and 22–23 cm of snow
only 2% of incident light penetrates this barrier. Our ob-
servations include only one period (early 2002) when ice
was thin and not covered by snow; even then, the
sponge-like structure of the ice restricted its transpar-
ency. In other years, ice thickness was around 50 cm,
with snow on top to a depth of more than 25 cm; light
penetration to and into the water would have been very
low at these times. Oxidative demand of the abundant
organic matter in the sediments further drives the aque-
ous oxygen content to anoxia in quite half the samples
we collected under-ice. Thus, the conditions towards the
end of the period of ice cover in Lake Nero are typified
by an almost complete absolute lack of light and oxygen
but an abundance in nutrients, especially ammonium ni-
trogen, phosphate and total phosphorus. The mass mor-
talities of fish in these lakes in cold winters conform to
these circumstances. In spite of the detectable increase
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of average winter temperature, stabile ice coverage over-
laid by the end of winter with the thick layer of snow
makes Lake Nero similar to the Scandinavian lakes and
distinguishes it from the lakes of Central and South
Europe.
While having the harsh abiotic conditions, phytoplank-

ton increase was detected under the ice in bloom pro-
portions in some years (Table 3, Figures 2 and 3). The
first, fragmentary data on algal growth under ice in Lake
Nero had been obtained in 1988 when low vegetation
was detected in March by Lyashenko [29]. Since system-
atic observations were commenced in 1999, the range of
winter phytoplankton abundance has been found to be
significant [20,30,31]. In the present paper, we report
very high levels of winter algal bloom. A full picture of
annual algal succession in the lake is obtained only if ap-
propriate winter observations are included.
Although Lake Nero is hypertrophic, it still harbours a

high taxonomic diversity of algae. In observations made
between and 1987 – 2008, a total of 800 subgeneric taxa
has been recorded [21]. Of these, 172 have been encoun-
tered in samples collected when ice covered the lake.
This compares favorably with the proportions detected
in other eutrophic lakes, situated in similar conditions
[3,7,10]. All samples contained Limnothrix redekei, usu-
ally accompanied by Pseudanabaena limnetica and
Planktothrix agardhii. Euglena acus, Cryptomonas ovata
and Aulacoseira ambigua were also found to occur
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frequently in winter samples. In general, the species
composition under the ice of Lake Nero is similar to one
found there during the open water period. Although
there is a well defined species nucleus under the ice, the
Sorensen coefficient between the years was low, thus the
species compositions differed considerably from winter
to winter.
No compelling trend in the year-to-year changes in

under-ice phytoplankton in Lake Nero has been
detected. These data are in the same range as that of
corresponding data obtained by others for the lakes
supporting Planktotrichetum-S1 codon (Table 4). Aver-
age cell’s volume in winter was higher than in summer
(48–13 m3 by Babanazarova [30]), although during sev-
eral winters when the lake was dominated by the S1 spe-
cies, the average volume was only 20 m3. Species with
larger cells seem to have advantage in winter phyto-
plankton. Vertical distribution was heterogeneous and
specific for the different phytoplankton groups. Under
ice, the plankton was found to be populated by Euglenas,
Dinophytes and Chlorophyta. The near-bottom zone
was relatively enriched by cryptophytes, some times by
euglenoids and diatoms. This is possibly explained by
proximity to the sapropel silt, enriched by organic sub-
stances, higher temperature in this area and the abun-
dance of the resting stages of algae. During the periods
of mass proliferation of the S1 codon the phytoplank-
ton distribution was more even. Examples of similar
patterns had been observed by many authors: highly
eutrophicated Lake Dautkul in Central Asia [32], the
Rybinsk water reservoir [35,36] and small water bodies
in North-Western Russia [17].
The abandance of the Planktothrix - like cyanobacteria

under the ice may depend on the adaptive abilities to
very low light incomes and the tolerances to low temper-
atures [37]. In Lake Grizhanku Trifonova [19] detected
high amount of Planktothrix agardhii through all winter.
In Lake Wolderwijd (Holland), Planktothrix agardhii,
Limnothrix redekei and Pseudanabaena limnetica are
vegetative almost all year round [38]. Some authors
argue that cold winters may interrupt the vegetative
Table 4 Reported under-ice phytoplankton biomass
(mg L-1) in some Planktotrichetum S1 codon rich Lakes

Lake Research
period

Phytoplankton
biomass

Reference

Petersdorfer See 1993-1994 5-20 Wiedner & Nixdorf [4]

Melangsee 1993-1994 5-10 Wiedner & Nixdorf [4]

Langer See 1993-1994 5-20 Wiedner & Nixdorf [4]

Muggelsee 1979-1990 1-above 40 Nixdorf & Hoeg [32]

Lough Neagh 1973-1974 5-above 40 Jones [33]

Grizhanku 1983 5-10 Trifonova [19]

Labordzhu 1982-1983 about 1 Trifonova [19]
cycle of cyanobacteria, while warm winters may benefit
them by allowing them to build larger initiating popula-
tions, prior to the vernal growth phase [5,39]. Wiedner
and Nixdorf [4] investigating lakes Petersdorfer See and
Langer See (Germany), put forward the hypothesis that
the inverse water stratification and stable, near-bottom
temperature of 4°C under-ice conditions provides a
temperature refugium for vegetative cyanobacteria, es-
caping convective mixing nearer the surface entraining
colder and near-freezing waters [4]. The prevalence of a
Planktothrix - like cyanobacteria is typical for Lake
Nero, even during the coldest winters, that could be
supported the hypothesis of C. Wiedner and B. Nixdorf.
Coexistence of low amounts of the S1 codon species
through all winters including very low levels biomass
confirms the importance of the functional group concept
in phytoplankton ecology.
High proliferation of flagellates belonging to the

Euglenophyta and Cryptophyta and the high frequencies
in samples, may be regarded as a peculiarity of the
under-ice period for Lake Nero too and allows one to
treat them from the point of view of functional groups
[20]. The preponderance of Euglenoids at meso-
eutrophic ponds and shallow lakes belonging to W2
codon by phytosociological nomenclature [23]. Large
cryptomonads and small dinoflagellates refers to a wide
range of habitats, which reflect the ability of its repre-
sentative in conditions when grazing pressure is low be-
longing to codon Y [23,40]. Codons W2 and Y played a
significant role in the community of Lake Nero only in
winter. A similar circumstance has been described for
hypertrophic Lake Utah (USA), where concentrations of
mineral and organic phosphorus are very high [3], and
in shallow lakes of North Dakota, USA [7]. The eugle-
noids and cryptomonads flagellates are well known to
typify cold waters, tending to prosper under ice in
water-bodies of various types, invoking their cold-
resistance, mobility and mixotrophy [7,15,19,28,41,42].
Almost complete disappearance of zooplankton towards
the end of winter is peculiar to Lake Nero [26]. This also
favors net development of W2-Y flagellates as low graz-
ing pressure conditions. In our studies the principal
component analysis suggests that the W2-Y flagellates
respond to high concentrations of phosphorus. The
lesser role of dinoflagellates in Lake Nero may be
explained by the almost complete lack of oxygen needed
by these algae [43].
In Lake Nero, the fraction of flagellates (W2-Y codon)

was a small part of the biomass in the years when S1
algae were blooming. This observation is supported sta-
tistically. Therefore, the composition of the winter
phytoplankton in Lake Nero, involves either the prolifer-
ation of species of S1 Planktorhrix – like cyanobacteria
or of the species of W2-Y flagellates. The statistical
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analysis suggests that, during the coldest winters under
thick ice and anoxic conditions, and in the presence of
high ammonium nitrogen, S1 enjoy a considerable func-
tional and selective advantage. Conversely, warmer win-
ters and higher phosphorus concentrations are more
favorable to the W2-Y euglenoids and cryptomonads
flagellates.
Conclusion
This study provides evidence that conditions of near an-
oxia, of severe light deficiency and high concentration of
biogenic elements in the end of winter in the hypertrophic
lake present highly selective conditions for proliferation of
most phytoplankton. The abundance of the phytoplankton
varies from trace amounts to an under-ice bloom level. A
full picture of algal succession in the lake may be obtained
only if systematic winter observations are taken into ac-
count. The dominant role of Planktothrix-like cyanobac-
teria (S1 codon) which is observed from early summer to
late autumn may persist through winter and even a small
amount of winter survivors belonging to the summer
dominants are sufficient for their reestablishment in sum-
mer. However here we show that the switch of the domin-
ant organism to the euglenoids and cryptomonads (W2-Y
codons) is likely to occur.
Figure 6 Lake Nero sampling station (3*,8*,4*); insert: geographical lo
Methods
Description of the locality studied
Lake Nero is situated in the Upper Volga River Basin. It
is the largest lake in Yaroslavl province; its area is about
58 km2; its maximum depth is 4.7 m; mean depth is 1.6 m.
The lake was formed in the Late Pleistocene period, ca.
150 000 years ago, during the wasting of the Moscow
Glacier. During the last 5000 years, starting at the end
of the Boreal period or the beginning of the Atlantic
Period, the lake has been shallow, inhabited by species
typical of eutrophic water bodies. Lake Nero has 12
inflowing rivers, the largest of which is Sara River.
There is one outlet to the lake: Veksa Rostovskaya
River, which flows to the Kotorosl’ River and which is,
in turn, a tributary of the Volga River. The water level
has been regulated by the dam from the end of 1980.
The area of the watershed is 1314 km2; the water ex-
change rate is 1,9 times per year. The chemical com-
position of the lake differs from that of other lakes of
the area: it contains more minerals , with a high con-
centration of chloride [25]. The bottom of the lake is
covered by a thick (average thickness 4.9 m) layer of
sapropelic silt, which accumulates biogenic elements. The
northern part of the lake is open and is dominated by
phytoplankton; the southern part supports macrophytes
on 15% emergent and 9% of submerged “swamp” [44].
cation in Russia.
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Sampling and calculations
The samples were collected under-ice in March of 1999,
2002–2010 from one to three stations, situated in
Northern and Central parts of the lake, close to the city
of Rostov (Figure 6). Contrasting weather conditions
were observed. The winters of 1999, 2004 and 2008 were
relatively mild. However, those of 2003, 2005 and 2010
were extremely cold. Samples were collected by Ruttner
bathometer from just beneath the ice surface and near
the bottom of the lake in 1999–2004, 2006 and 2009, at
other years only under ice by weathers circumstances.
The identification and counting of phytoplankton, ana-
lysis of pigments (chlorophyll a) and biogenic elements
were done from one bathometer. Samples for chemical
analysis were fixed in the field with chloroform and
processed on return to the laboratory. Soluble phosphorus
was determined colorimetrically using the sulfate / molyb-
date method; ammonium, nitrate and nitrite nitrogen
were determined using Nessler reagent, sulfaphenol and
Griss chemical [45]. Photosynthetic pigments were
extracted from filter residues, using acetone, and mea-
sured spectrophotometrically; concentrations of chloro-
phyll a and phaeopigments were calculated according to
the method and equations of Lorenzen [46]. Phytoplank-
ton was fixed with Lugol’s Iodine and enumerated in a
Najötta chamber according to the Utermohl method.
Tabulated information included the taxonomic identity
of the organisms (as far as possible), the number and
sizes of cells. Individual cell volumes were calculated
by approximation of cell shapes to simple geometric
figures. Aggregate algal biomass was determined as the
sum of the products of species-specific counts and in-
dividual volumes. Species comprising more than 10%
of total biomass were considered to be dominant. The
ecological characteristics of phytoplankton is based on
lists of indicator species saprobity, salinity and pH
[47-49]. Shannon-Weaver index [50] was used for ana-
lyses of phytoplankton diversity. For the comparative
analysis of phytoplankton between different years, the
Sorensen index (K) was used:

K ¼ 2Naþb=Na þNb;

where Na+b is the number of species in common
detected in the samples a and b, and Na and Nb is the
number of species in the samples a and b.

This study is based on analysis of 32 samples and sets
of limnological observations. Coefficients of correlation
and factor analyses were solved using conventional
methods as adopted in the STATISTICA software, ver-
sion 6.0 (StatSoft, Inc.) and MS Excel programs.
Additional file

Additional file 1: Taxonomic composition and eco-geographical
characteristics of the under-ice phytoplankton in the lake Nero
(1999-2010).

Competing interests
The author’s declare that they have no competing interests.

Authors’ contributions
BO did the field work, the identification and counting of phytoplankton,
performed the statistical analysis and wrote the manuscript. SS made the
analysis of pigments (chlorophyll a) and of elements of biolological
importance and co-wrote the manuscript. SSch was involved in the flora
characterization as well in the description of the habitat and co-wrote the
manuscript. All authors have read and approved the final manuscript.

Authors’ information
Yaroslavl State University named by P.G. Demidov, proezd Matrosova 9,
Yarosalvl, Russia, Department Ecology and Zoology

Acknowledgments
We are grateful to Colin Reynolds who provided valuable comments on an
earlier draft of this paper and also helped us with our English. We would like
to acknowledge the assistance, both in the in field and in the laboratory,
provided by students of Yaroslavl State University. The authors are grateful
for the data of the water level State Hydro meteorological and environmetal
monitoring centre of Yaroslavl area. This study was supported by the following
grants: RFFI 09-04-01771-a, grant of the President of MK-1284.2013.5 and the
project of the Ministry of Education and Science of the Russian
Federation 4.4532.2011. We are extremely grateful for the comments and
critics of the reviewers and the editor are acknowledged for discussions
on the manuscript.

Received: 19 May 2012 Accepted: 24 September 2013
Published: 30 September 2013

References
1. Hickman M, Jenkerson CG: Phytoplankton primary productivity and

population efficiency studies in a prairie-parkland lake near Edmonton,
Alberta, Canada. Internationale Revue der gesamten Hydrobiologie 1978,
63:1–24.

2. Hickman M: Seasonal succession, standing crop and determinats of
primary productivity of the phytoplankton of Ministik Lake, Alberta,
Canada. Hydrobiologia 1979, 64:105–121.

3. Squires LE, Rushforth SR: Winter phytoplankton communities of Utah
Lake, Utah, USA. Hydrobiologia 1986, 131:235–248.

4. Wiedner C, Nixdorf B: Success of chrysophytes, cryptophytes and
dinoflagellates over bluegreens (cyanobacteria) during an extreme
winter (1995/96) in eutrophic shallow lakes. Hydrobiologia 1998,
369(370):229–235.

5. Adrian R, Walz N, Hintze T, Hoeg S, Rusche R: Effect of ice duration on
plankton succession during spring in a shallow polimictic lake.
Freshw Biol 1999, 41:621–632.

6. Danilov RA, Ekelund NG: Phytoplankton communities at different depths
in two eutrophic and two oligotrophic temperate lakes at higher
latitude during the period of ice cover. Acta Protozool 2001, 40:197–201.

7. Phillips KA, Fawley MW: Winter phytoplankton community structure in
three shallow temperate lakes during ice cover. Hydrobiologia 2002,
470:97–113.

8. Graham JM, Kent AD, Lauster GH, Yannarel AC, Graham LE, Triplett EW:
Seasonal dynamics of phytoplankton and planktonic protozoan
communities in a Northern temperate humic lake: diversity in a
dinoflagellate dominated system. Microb Ecol 2004, 48:528–540.

9. Judd KE, Adams HE, Bosch NS, Kostrzewski JM, Scott CE, Schultz BM, Wang
DH, Kling GW: A case history: effects of mixing regime on nutrient
dynamics and community structure in Third Sister Lake, Michigan during
late winter and early spring 2003. In Lake and Reservoir Management. 2005,
21:316–329. Edited by Judd KE.

http://www.biomedcentral.com/content/supplementary/2046-9063-9-18-S1.pdf


Babanazarova et al. Aquatic Biosystems 2013, 9:18 Page 11 of 11
http://www.aquaticbiosystems.org/content/9/1/18
10. Toporowska M, Pawlil-Skowronska B, Krupa D, Kornijow R: Winter versus
summer blooming of phytoplankton in a shallow lake: effect of
hypertrophic conditions. Pol J Ecol 2011, 58:3–12.

11. Yasnitsky VN, Skabichevski AP: Phytoplankton of Baikal. Trudy Baikalskoy
Limnologicheskoy Stantsii 1957, 15:212–262.

12. Babanazarova ОV, Likhoshway YV, Sherbakov DY: On the morphological
variability of Aulacoseira baicalensis and Aulacoseira islandica
(Bacillariophyta) of Lake Baikal. Russia. Phycologia 1996, 35(2):31–41.

13. Guseva KA, Iliynskyi AL: About chocked up the fishing net by Melosira
italica at the period winter blooms in Rybinsk reservoir. Trudy
Vsesouznogo gydrobiologicheskogo obschestva 1959, 9:183–194.

14. Verduin J: Photosynthesis by aquatic communities in northwestern Ohio.
Ecology 1959, 40:377–383.

15. Wright RT: Dynamic of a phytoplankton community in an ice-covered
lake. Limnol Oceanogr 1964, 9:163–178.

16. Maeda O, Ichimura S: On the high density of a phytoplankton population
found in lake under ice. Internationale Revue der gesamten Hydrobiologie
1973, 58:673–685.

17. Lavrientieva GM: The peculiarity of winter phytoplankton development in
small lakes of North-West. Trudy GosNIORH 1981, 162:89–103.

18. Nebaeus M: Algal water-blooms under ice-cover. Verhandlungen.
Internationale Vereinigung für theoretische und angewandte Limnologie 1984,
22:719–724.

19. Trifonova IS: Ecology and succession of the lakes phytoplankton. Leningrad:
Nauka; 1990.

20. Babanazarova OV, Lyashenko OA: Inferring long-term changes in the
physical-chemical environment of the shallow, enriched lake Nero from
statistical and functional analyses of its phytoplankton. J Plankton Res
2007, 29:747–756.

21. Sidelev SI, Babanazarova OV: Phytoplankton ecology and succession in
the “Planktotrichetum-Lakes” type. In The Algae: taxonomy, ecology and
use in the monitoring. Yekaterinburg: Edited by Patova EN. Ural Div. RAS;
2011:212–216.

22. Babanazarova OV, Kurmayer R, Sidelev SI, Aleksandrina EM, Sakharova EG:
Phytoplankton structure and microcystin concentration in the highly
eutrophic Lake Nero. Water Resour 2011, 2:229–236.

23. Reynolds CS, Huszar V, Kruk C, Naselli-Flores L, Melo S: Towards a
functional classification of the freshwater phytoplankton. J Plankton Res
2002, 24:417–428.

24. Nixdorf B, Mischke U, Rucker J: Phytoplankton assemblages and steady
state in deep and shallow eutrophic lakes – an approach to differentiate
the habitat properties of Oscillatoriales. Hydrobiologie 2003, 502:111–121.

25. Bikbulatov ES, Bikbulatova EM, Litvinov AS, Poddubniy SA: Hydrology and
hydrochemistry of Lake Nero. Rybinsk: Rybinsk Print House; 2003.

26. Rivier IK, Stolbunova VN: Zooplankton of the lake Nero. In Modern
condition of Lake Nero ecosystem. Edited by Rivier IK. Rybinsk: Institute for
Biology of Inland Waters; 1991:10–31.

27. Аgbeti MD, Smol JP: Winter limnology: a comparison of physical,
chemical and biological characteristics in two temperate lakes during ice
cover. Hydrobiologia 1995, 304:221–234.

28. Pasztaleniec A, Lenard T: Winter phytoplankton communities in different
depths of three mesotrophic lakes (Leczna-Wlodawa Lakeland, Eastern
Poland). Biologia. Section Botany 2008, 63:294–301.

29. Lyashenko OA: The phytoplankton of the lake Nero. In Modern condition
of Lake Nero ecosystem. Edited by Rivier IK. Rybinsk: Institute for Biology of
Inland Waters; 1991:10–31.

30. Babanazarova OV: Structure of the phytoplankton and biogenic dynamic
of the Lake Nero. Biology of inland waters 2003, 1:12–24.

31. Sidelev SI: Phytoplankton succession in highly eutrophic lake Nero. In
PhD thesis. Borok: Institute for Biology of Inland Waters; 2010.

32. Nixdorf B, Hoeg S: Phytoplankton-community structure, succession and
chlorophyll content in lake Muggelsee from 1979 to 1990. Internationale
Revue der gesamten Hydrobiologie 1993, 78:359–377.

33. Jones RI: Factors controlling phytoplankton production and succession in
a highly eutrophic lake (Kinnego Bay, Lough Neagh) I. The Phytoplankton
community and its environment. Journal of Ecology 1977, 65:547–559.

34. Babanazarova OV: Phytoplankton structure, composition and production
in saline water-bodies in the Lower Amu Dar’ya. Int J Salt Lake Res 1997,
6:217–231.
35. Korneva LG: About vertical distribution of the phytoplankton in Rybinsk
reservoir under ice. Biology of inland waters: information bulletin 1990,
88:3–7.

36. Lyashenko OA: The algae in water and bottom of the Rybinsk reservoir
under ice. Biology of inland waters 2004, 4:43–47.

37. Reynolds CS: The Ecology of Phytoplankton. Cambridge: Cambridge
University Press; 2006:550.

38. Berger C, Bij de Vaate A: Limnological studies on the eutrophication of
lake Wolderwijd a shallow hypertrophic Oscillatoria dominated lake in
the Netherlands. Schweizerische Zeitschrift für Hydrologie, Hydrographie,
Hydrobiologie, Fischerelwissenschaft, Abwasserreinigung 1983, 45:458–479.

39. Meffert ME: Planktic unsheated filaments (Cyanophyceae) with polar and
central gas vacuoles. II. Biology, population dynamics and biotopes of
Limnothrix redekei (Van Goor)Meffert. Arch Hydrobiol 1989, 116:257–282.

40. Padisak J, Crossetti LO, Naselli-Flores L: Use and misuse in the application
of the phytoplankton functional classification: a critical review with
updates. Hydrobiologie 2009, 621:1–19.

41. Barone R, Naselli-Flores L: Distribution and seasonal dynamics of
Cryptomonads in Sicilian water bodies. Hydrobiologia 2003, 502:325–329.

42. Bird DF, Kalff J: Bacterial grazing by planktonic algae. Science 1986,
231:494–495.

43. Pollingher U: Freshwater armoured dinoflagellates: growth, reproduction
strategies and population dynamics. In In Growth and reproduction
strategies of freshwater phytoplankton. Edited by Sandgren CD. Cambridge:
Cambridge University Press; 1988:134–174.

44. Papchenkov VG, Borisova MA, Satina SU, Remizov IE, Papenova NP:
Macrophytes. In State of Lakes Nero ecosystem at early of XXI centure. Edited
by Lazareva V. Moscow, Nauka: Institute for Biology of Inland Waters;
2008:97–117.

45. Stroganova NS, Buzinova NS: Practice manual of the hydrochemia. Moscow:
MGU; 1980.

46. Jeffrey SW, Humhprey GF: New spectrophotometric equations for
determing chlorophylls a, b, c1 and c2 in higher plants algae and
natural phytoplankton. Biochem Physiol Pflanz 1975, 167:191–195.

47. Sladecek V: System of water quality from the biological point of view.
Archiv für Hydrobiologie Beiheft Ergebnisse der Limnologie 1973, 7:1–218.

48. Round FE: Diatom community – their response to changes in acidity.
Philos Trans R Soc Lond B Biol Sci 1990, 327:243–249.

49. Van Dam H, Mertens A, Sinkeldam J: A coded checklist and ecological
indicator values of freshwater diatoms from the Netherlands. Neth J
Aquat Ecol 1994, 28:117–133.

50. Shannon CE, Weaver W: The mathematical theory of communication. Illinois:
University of Illinois press. Urbana; 1963.

doi:10.1186/2046-9063-9-18
Cite this article as: Babanazarova et al.: The structure of winter
phytoplankton in Lake Nero, Russia, a hypertrophic lake dominated by
Planktothrix-like Cyanobacteria. Aquatic Biosystems 2013 9:18.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Abiotic factors
	Taxonomic composition of the under-ice phytoplankton
	Abundance of the phytoplankton

	Discussion
	Conclusion
	Methods
	Description of the locality studied
	Sampling and calculations

	Additional file
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


